Introduction
For most people, an animation of an algorithm is easier to understand than a textual or pictorial presentation of the algorithm.
In an animation, key objects are drawn, visually showing their relationships, but furthermore, as the algorithm proceeds, changes in the objects and their relationships are shown through their movement. Animations of algorithms also make it easier to debug programs.
If a program's output is an animation, the program's correctness is visually clear. For example, objects moving the wrong direction not only indicate a problem, but show what the problem is.
In this paper we describe how we have integrated algorithm animations into several computer science courses. Sections 2 and 3 describe how we have used animations in our courses, during lecture and outside of lecture.
In Section 4 we describe Xtango [6] , a tool for writing algorithm animations, and in Section 5 we discuss the types of animations students at different levels can write using Xtango.
Section 6 gives an example of how we use algorithm animation in our introductory computer science course, and in Section 7 we give concluding remarks.
Presentation in lectures
We show animations of algorithms during lecture using a computer connected to either a projector or a display panel. An animation aids in both explaining and analyzing an algorithm.
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Integrating Tech. into C.S.E. 6/96 Barcelona, Spain @ 1996 ACM 0-89791 -844-419610009 In CPS 100, our second computer science course, students create animations by writing C++ programs whose output is animator commands.
In one project, students created a binary tree of integers and then converted the tree into a rein-heap by swapping the appropriate values. The difficulty in this assignment was the layout of the binary tree.
For project courses and independent study courses students write Xtango programs.
For example, one student developed a two-view animation for dynamically maintaining maximal points in the x-y plane (a computational geometry problem) showing the data structure in the top view and points in the xy plane in the bottom view.
Using a mouse one could insert a point in the bottom view and the change in the data structure would be animated in the top view.
Every node and edge that needs to be moved, moves at the same time, for a smooth animation.
Example of animation in CS1
This section illustrates how we converted one program with textual output into an animated program in CPS 6, the first computer science course at Duke. In this course, students learn to use C++ classes early on. When this program is run, students see textual information describing the current status of the balloon. In ascending, messages are printed every 10 meters as burning occurs to make the balloon rise to the specified height. In cruising, messages are printed each time step with additional random messages occuring as wind shear forces the balloon to suddenly rise or drop. In descending, messages are printed every 10 meters as air is released.
A sample run is shown below. In Figure 1 the dark circle in the left top region is the balloon, which has risen from the ground and started cruising to the right. Figure  1 With the animated balloon, it is easy to see when a rwomam is More complex programs are also easier to debug when using the animator.
One extension our students did was to simulate a balloon race. They created several balloons (each
